This paper estimates the effects of airports on economic growth in US metropolitan areas.
Introduction
Public spending on airports is motivated by a belief that improved air travel services will have a positive effect on economic growth in the areas that they serve. In the US, annual federal spending on the air travel network is around $15 billion, with further contributions by state and local governments. 1 The justification for this spending almost universally includes statements about the potential of a new or improved airport to attract firms and increase employment. However, there is little empirical basis for these claims. The purpose of this paper is to clarify what effects airports have on local economic activity.
The primary exercise I conduct is to estimate the effects of airport size on employment and gross domestic product (GDP) in US metropolitan areas. These effects are of obvious importance in evaluating policy but are challenging to estimate. The main difficulty with estimating the effects of airports on local economic outcomes is that the local economy is likely to affect airport size through the demand that it creates for air travel and the actions of policy makers. In addition, both the local economy and air traffic can be simultaneously affected by external factors. An observed correlation between airport size and economic outcomes is therefore likely to capture factors other than the causal effect of airports that is of interest.
To measure the causal effect of a change in airport size on the local economy, it is necessary to find a source of variation in airport sizes that is not driven by or otherwise correlated with local economic outcomes. This is difficult in the case of airports because actual decisions about airport improvements are normally made in response to local factors, the cost of airport construction precludes conducting experiments, and air travel is only barely dependent on external factors that vary by location such as physical geography or climate. The approach I adopt is to use variation in airport size driven by overall changes in the air travel network to construct a set of instruments for changes in air travel. I then compare the changes in airport size explained by the instruments with changes in local economic outcomes to generate estimates that reflect the causal effects of airports.
The estimation uses the amount of traffic as the measure of airport size. The principal measure is the number of departing flights, which is intended to reflect the physical size of the airport but also the convenience of travel -the range of destinations and the frequency of flights to a given destination -for an individual traveler. This must be taken into account in policy evaluation, as the results would not apply to infrastructure improvements that do not increase traffic. On the other hand, the results apply to any policies that attract airlines to operate at an airport, even if not associated with improvements in physical infrastructure.
The instruments are constructed using various characteristics of the air travel network and overall changes in those characteristics in a method similar to that proposed by Bartik (1991) for changes in local employment. Each instrument is calculated by taking the amount of local air traffic that fits within a certain category, then applying the national growth rate of that category to the local area. The sets of categories used are the airlines, the aircraft types, and the approximate distances of the flights. To prevent the overall growth rates from being influenced by traffic at the airports they are applied to, flights to and from a metropolitan area are excluded from the calculation of the overall growth rate applied to it.
Airport size is found to have a positive effect on local employment, with an elasticity of 0.03.
This means that in a typical metropolitan area with one million residents, a 10% increase in air traffic leads to the creation of around 1,100 new jobs. There is a positive effect of airport size on GDP, also with an elasticity of 0.03, so output per worker does not change with airport size.
I find positive effects of airport size on a range of other economic outcomes including the number of firms and the employment rate, as well as on the total population. The magnitude of the effects on the employment rate and population suggest that employment increases for existing residents while some new jobs are also taken up by people who migrate to the metropolitan area.
There is no measurable effect on output per worker or mean wages, which suggests either that labor supply is sufficiently elastic that an increase in the demand for labor causes employment to adjust without a substantial change in wages, or that the amenity value of the airport is sufficiently important that it affects labor supply.
From estimates of the effects on particular industries, it is clear that the effect of airports on local employment is driven by employment in particular sectors. There are positive effects on services with an elasticity of around 0.07 and on construction with an elasticity of around 0.08, but no effect on employment in manufacturing, wholesale and retail trade, or transportation and utilities.
To further understand how the local economy is affected by changes in airport size, I study how the effects on employment and production vary by location within a metropolitan area. Airport size is found to be correlated with employment and GDP throughout the metropolitan area, but the causal effect of airports is concentrated in the parts of the metropolitan area that are nearer the airport. The correlation between airport size and employment in all parts of the metropolitan area could be explained by air traffic being driven by demand. The concentration of the causal effect in areas nearer the airport suggests that proximity is important to firms that make use of air travel.
The main contribution of this paper is in quantifying the effects of airport improvements. The literature on the effects of airports remains small, due in part to the empirical challenges involved. Green (2007) , Blonigen and Cristea (2015) , and McGraw (2014) estimate the effects of airports on local economic growth. These studies all find positive effects, with magnitudes somewhat larger than the estimates presented in this paper. Brueckner (2003) and Sheard (2014) estimate the effects of airports on particular sectors and find that the effects are most pronounced for service industries. LeFors (2014) estimates the effects of air accessibility -defined as the sizes of the markets flown to weighted for the cost of flying to those markets -and finds a positive effect on employment in tradable services but no effect on overall employment.
The literature on the effects of other types of transportation infrastructure is more advanced. Duranton and Turner (2012) The second contribution of this paper is methodological, in that it presents a novel and useful method for estimating the effects of airports and other types of infrastructure. The literature on the effects of airports relies mostly on physical geography, historical policy decisions, and hub status to generate exogenous variation in infrastructure. Brueckner (2003) and Green (2007) use distance to the geographical midpoint of the US to explain airport sizes, as more central locations are advantageous for hubs. Blonigen and Cristea (2015) use the removal of restrictions by the 1978 deregulation of US air travel to explain variation in air traffic levels. Sheard (2014) uses the 1944 National Airport Plan to instrument for current airport sizes. McGraw (2014) uses the 1922 Army Air Service Proposed System of Air Routes and 1938 Air Mail routes to instrument for smaller communities having airports. Brueckner (2003) and LeFors (2014) use hub status to instrument for airport size, as the demand for tickets that transfer through an airport should not be related to local demand, though local demand may influence airlines' decisions about where to locate their hubs. Similar techniques are employed in the work cited above on the effects of roads and railways - Redding and Turner (2015) present a detailed summary.
In contrast, the technique proposed in this paper makes use of the structure of the air travel network and broad changes in its operation to generate variation in airport size that is exogenous to local economic conditions. The technique could be used to study other consequences of airport investment and airlines' decisions about where to operate. Furthermore, it could be applied to the study of other types of transportation infrastructure such as roads, railways, waterways, and ports.
In many situations the technique would be easier to apply than approaches that rely on historical data or exogenous policy changes. The technique also has advantages for policy analysis as it allows the measurement of short-term effects, whereas effects explained by geography or historical decisions may have taken decades to accumulate.
The remainder of this paper is arranged as follows. The model is outlined in Section 2. The data are presented in Section 3, with a description of how the instruments are constructed. The results of the estimation are presented in Section 4. Concluding remarks are presented in Section 5.
Model
This section outlines the model that is used a the basis for the estimation. The model is a simple representation of how the instruments relate to airport size and how airport size relates to local economic outcomes. For brevity the model is explained in terms of an effect of airport size on employment, though it is also used to estimate the effects on GDP and other outcome variables.
Local employment
The size of the airport in metropolitan area m at time t is denoted A m,t . The productivity of local firms may be affected by the size of the airport, which provides access to markets to source inputs and sell products. The wage earned by each worker in metropolitan area m at time t may depend on airport size and is defined by the function w (A m,t ). The airport may also confer a direct amenity benefit to individuals in the metropolitan area, which is represented in money-metric terms by the function g (A m,t ). Wages and the amenity value are also affected by various local and time-specific factors, which I return to below.
Larger cities are assumed to be more costly to live in, in terms of housing and commuting costs, so the cost of living in metropolitan area m at time t is described by a function c N m,t , where c > 0 and N m,t is the natural level of employment.
Individuals gain utility from consumption, to a level determined by wage income less the cost of living. The factors besides the airport that determine wages, the cost of living, and amenities are combined in the permanent local factors µ m and time-variant economy-wide factors ν t . Where u (·)
is some monotonically increasing function, the utility of an individual living in metropolitan area m at time t is the following:
Individuals are assumed to migrate freely between metropolitan areas and to obtain the reservation utilityū by living elsewhere, which is thus the equilibrium level of utility. Letx be the combined level of consumption and amenities that provides the reservation level of utility, such that u (x) ≡ū. The utility function (1) and migration condition thus imply:
According to (2), the number of employees in the metropolitan area is determined by the relationship between wages, the cost of living, and local amenities. A change in airport size may affect employment either through a change in productivity and thereby wages or through a change in amenities. The cost of living changes as the population adjusts, which restores the equilibrium.
Market access for local firms is represented by the airport size A m,t , which is measured as the level of traffic. 2 The main measure is the number of departing flights, which reflects the convenience of travel for a potential passenger by combining the number of destinations with the frequency of flights. To more directly reflect market access, an 'air access' variable is also used that weights the number of flights by the populations of the destination metropolitan areas.
The functional forms w (A) ≡ κ w ln (A), g (A) ≡ κ g ln (A), and c (N) ≡ ln (N) are assumed for the respective functions. The termx is set to zero as it can be captured in the fixed effects µ m and ν t , the sizes of which are not ultimately of interest. Making these substitutions in (2) and rearranging yields an expression for the natural level of employment N m,t in metropolitan area m at time t:
The term κ ≡ κ w + κ g in (3) captures the combined effect of the productivity and amenity mechanisms. It would be difficult to isolate these in the estimation without introducing control variables (such as wages) that would be endogenous or imposing an overly restrictive structure.
The approach I adopt is simply to estimate the effects of airport size on employment, total output (GDP), and wages, then compare the sizes of the coefficients. A larger effect on output than on employment, for example, would suggest that airports have a positive effect on productivity.
Growth in the local economy
The actual level of employment in metropolitan area m at time t is denoted N m,t . The level of employment changes according to the difference between the current level N m,t and the natural level N m,t in (3) according to the following convergence condition:
The change in local employment between t and t + 1 is influenced by the natural level of employment at all points in time over that period, but the levels at the endpoints are used as an approximation. Employment at time t + 1 depends on employment in the previous period, so 1 − λ 1 − λ 2 > 0, and converges towards the natural levels of employment, so λ 1 , λ 2 > 0. The following substitutions simplify the algebra:
Substituting (3) into (4) yields the following relationship between employment and airport size at times t and t + 1:
Taking logs of both sides of (5) and introducing the notation a = ln (A) and n = ln (N):
Equation (6) is the relationship between changes in local airport size and employment that I wish to estimate. The principal difficulty is that changes in local air traffic a m,t+1 − a m,t are likely influenced by variation in local employment n m,t+1 − n m,t . I therefore instrument for the change in airport size using a set of variables that explain changes in local air traffic but are otherwise plausibly not affected by factors that correlate with changes in local employment. Further issues with the estimation of (6) are addressed below.
Structural changes in the air travel network
The instruments reflect changes in air traffic that are driven by overall changes in the air travel network. The instruments are expressed in terms of the hypothetical level of air traffic at time t + 1, denotedÂ m,t+1 , determined by these overall changes given the actual level of traffic at time t. Using γ 1,m and δ 1,t to denote factors specific to the metropolitan area and time, respectively, the growth in air traffic explained by the instrument satisfies:
The termÂ
A m,t in (7) is the instrument for the growth in air traffic. It is expressed with the actual level of air traffic at time t as the basis because this is how the instruments are calculated. 3 The controls for airport size and employment at time t are intended to capture systematic differences in how airports are affected depending on airport size or the overall size of the metropolitan area. 4 Taking logs of both sides of (7) and again using a = ln (A) and n = ln (N) for the log values:
Estimation equations
The system of equations I estimate is derived from (6) and (8):
The equations are estimated using periods (the time from t to t + 1) of one year. Though it is reasonable to expect that the effects on employment would accrue over a longer period, I test the relationship with additional past rates of growth in airport size and with longer periods, and the results suggest that the effect on employment is captured almost entirely by the one-year changes.
For the system of equations (9) and (10) to be identified, the following conditions must be satisfied:
Condition (11) is the relevance condition, which requires that the instruments explain a significant amount of the variation in airport sizes, conditional on the controls. This condition is tested statistically as part of the estimation.
Condition (12) is the exogeneity condition or exclusion restriction. It requires that the instrument affects changes in employment only through changes in airport size. While there is no statistical test for the exclusion restriction, I present three arguments in support of it. Firstly, in the description of how the instruments are calculated I detail why it is reasonable to believe that the condition holds. Secondly, I run overidentification tests that demonstrate that the second-stage residuals are indeed uncorrelated with the overidentifying instruments under the assumption that one of the instruments is valid. Thirdly, the tests of the effects of airports on employment by location within the metropolitan area serve as evidence in support of the airport affecting local employment rather than the reverse.
The system of equations (9) and (10) includes control variables for initial airport size and employment, a m,t and n m,t . These are intended to account for systematic differences in airport and employment growth that correlate with the initial values. For example, an airport that is relatively small for the level of local employment may tend to be expanded. The use of the controls raises a potential concern, however, because if the estimate of α 2 or β 2 is biased, then the coefficient on the change in airport size θ would also be biased. It is therefore not clear a priori whether these controls should be included. Nevertheless, as noted by Wooldridge (2012, ch. 12) , the problems that arise from including lagged dependent variables as controls are fundamentally a matter of the model being correctly specified. The controls for a m,t and n m,t are justified by basic processes of convergence but it is less apparent why further past values should be meaningful. Furthermore, the estimate of θ is shown in Appendix B to be practically identical with and without each of the controls. A number of additional issues with the estimation are addressed in the robustness checks.
Data
The dataset used for the analysis is an annual panel of US air traffic, employment, and a range of 
Instruments
The instruments I use for changes in air traffic are related to that proposed by Bartik (1991) for local economic growth. The Bartik instrument is calculated by taking the employment shares for the industries in each area, then assuming that employment in each industry grows at its national rate of growth. The result is a variable that reflects the changes in employment that are attributable to changes in overall industry-level resources and productivity, but is unrelated to changes in factors that are specific to the local area.
The instruments used in this paper are based on similar principles. Five instruments are constructed using the following sets of categories (henceforth "categorizations") for air traffic: (1) the airlines that operate the flights, (2) the aircraft models, (3) the aircraft classes (based on engine type and fuselage size), (4) a set of ranges for the number of seats in the aircraft, and (5) Table 2 . 8 It is necessary to divide up the data into categories for the instruments to explain any variation in air traffic. Though the instruments are based on overall changes in the air travel network, it would not be sufficient to simply use the overall level of traffic to instrument for local changes in traffic, as such variation would be captured by the year fixed effects. Moreover, were the year fixed effects not to be included, this type of instrument would be driven by changes in overall employment and the exclusion restriction would likely be violated. The instruments are constructed as follows. Firstly, a categorization is chosen for the construction of the instrument. Then, the air traffic in metropolitan area m at time t is measured for each category c within this categorization. Separately, the overall growth rate for each category between times t and t + 1 is calculated from the US-level air traffic data. Finally, the overall growth rate for each category is applied to its level of air traffic in metropolitan area m at time t. Using A c,m,t to denote the air traffic in metropolitan area m at time t that is classified as category c, the instruments are calculated using the following formula:
The growth rate on the left-hand side of (13) has the actual level of traffic in the denominator as the actual values are used in the construction of the instruments. The first term on the right hand side is simply the initial traffic for category c. The term in parentheses is the overall growth rate for category c. This is calculated separately for each CBSA excluding traffic that either originates or terminates in that CBSA to avoid a natural concern about the exclusion restriction. Namely, the traffic at a given airport is part of the national level of traffic. If a change in employment in a CBSA affects local air traffic, which in turn contributes to the national level of traffic, then local employment would partly determine the instrument and the exclusion restriction would be violated. The dots represent airports in the sample and the lines represent the routes. To calculate the overall growth rate that is applied to a CBSA the routes to and from that CBSA are excluded. To illustrate this with an example, the routes with an endpoint in the Detroit-Warren-Livonia CBSA are represented by dashed lines.
The main measure of airport size used is the number of departing flights. When the number of seats or passengers is used in the estimation, the instruments are calculated from local levels and overall growth rates of the respective measure. With the 'air access' measure, the instrument is calculated by applying the overall growth rates to the number of flights on each route.
The principle underlying the instruments is that growth rates in the categories are orthogonal to CBSA-specific factors. The part of the variation in local air traffic that is determined by overall growth in an airline's traffic should not be related to changes in local conditions, in particular when traffic from the local area is excluded from the calculation of the overall growth rate applied to each observation. Rather, an airline's overall level of traffic should influence its traffic at individual airports through determinants of its overall demand and productivity such as innovations in its methods of operation, marketing, and labor relations. When the demand or productivity of an airline increases, it tends to increase traffic at airports where it already operates as it has gates, slots, hangar space, and employees based at those facilities. 9
Similar reasoning applies to the three categorizations for the type of aircraft: the model, class, and number of seats. Each type of aircraft is constrained to operating at airports with facilities such as runways, aprons, hangars, and terminals capable of handling it. If the operations of a particular type of aircraft are increased, say because additional units are produced or the fuel price changes such that it becomes relatively efficient to operate, then the new flights will tend to be at airports that previously hosted that type of aircraft. Furthermore, the variation in an airport's traffic explained by the overall traffic of the aircraft it hosts could not be influenced by local factors. The instrument based on distance ranges is intended to reflect overall changes in aircraft technology and the methods of operating the air travel network, such as changes in the ranges of aircraft, the prevalence of short-and long-haul flights, and the routing of traffic through hubs.
As the number of seats and the distance flown are quantitative variables, the changes in overall traffic driven by the underlying factors should be continuous in the levels of those variables.
For example, a change that makes it more practical to fly a given distance should also make it somewhat more practical to fly a slightly shorter or longer distance, and it would be possible to substitute between similar distances to some degree. There are also certain ranges with relatively few observations. To take advantage of the information in observations for similar numbers of seats or distances, the observed growth rates are smoothed for each CBSA and time span. 10 The essential qualities of an instrument are that it satisfy the relevance condition (11) and the exclusion restriction (12). The relevance condition (11) is straightforward to test statistically as it simply requires a significant relationship between the instrument and changes in airport sizes, given the controls, and all of these variables are known. 11 The results below demonstrate that each of the 9 The airline industry featured several large mergers during the period of the data. In some cases the airlines involved continue to operate under separate names and airline codes. In other cases the operations of the two airlines are combined and the traffic is combined under a single airline code. Where the traffic is combined under a single code, the 'airline' instruments for time periods that overlap the merger are calculated using the overall growth rate in the combined entity. The method is detailed and the mergers in the sample are listed in Appendix A. 10 For the overall growth rates by the number of seats and the distance, the mean growth rates are smoothed across the category ranges. Where the observed value for the growth rate in category c is g c and the number of observations is n c , the smoothed valueg c is calculated as follows:
instruments exceeds a reasonable threshold for the relevance condition to be satisfied.
The exclusion restriction requires that an instrument only be related to changes in employment or the alternative outcome variable through its effect on the level of air traffic. This condition would be violated either if the instrument affected other factors that in turn affected the outcome variable or if both the instrument and the outcome variable were affected by some unobserved factor. Both possibilities appear unlikely. Apart from the variation in airport sizes explained by the instrument, there is no clear channel through which the concentrations of certain airlines or aircraft at an airport could influence factors for local growth. There is a concern that certain airlines or types of aircraft may operate in parts of the country where stronger employment growth is anticipated, a possible example being Southwest Airlines, but the results are shown below to be robust to the inclusion of state and regional fixed effects. Furthermore, the fact that the variation in the instruments is driven by overall growth rates eliminates the possibility of correlation with exogenous changes in other local factors that affect employment.
Estimation
The results from the ordinary least squares (OLS) estimation of (10) are presented in Table 3 . These results show how changes in airport size are correlated with changes in employment and GDP, but as the OLS technique does not deal with the endogeneity issues they are not reliable estimates of a causal relationship. Panel A of Table 3 displays the results for the relationship between airport size and employment; Panel B displays the results for airport size and GDP. Each of the specifications exhibits a strong positive correlation.
Columns 1 through 6 of Table 3 use different arrays of the independent variables and fixed effects included in equation (10) to demonstrate how the estimation is affected by the inclusion of these variables. Column 1 shows the estimates with no fixed effects or controls. Column 2 uses CBSA fixed effects, which make little difference to the coefficient on the change in airport size.
Column 3 uses year fixed effects, which decrease the magnitude of the coefficient and thus appear the instruments are also strong when the controls for the levels of traffic and employment at the beginning of the period are excluded, and without the CBSA and year fixed effects they are substantially stronger, as shown in Appendix B.
to capture some of the correlation between changes in airport size and employment. Column 4 includes both CBSA and year fixed effects.
(1) Column 5 adds a control for log airport size at the beginning of the year. The coefficient is slightly negative, though not significant in every case. Column 6 adds the log levels of employment and GDP at the start of the period. The significant negative sign on the coefficient indicates that a CBSA that is initially larger tends to have a lower rate of growth. Column 6 is my preferred specification: including all variables in (10) with airport size measured as the number of flights.
Columns 7 and 8 estimate (10) using the number of seats on departing flights and the number of departing passengers, respectively, as the measure of airport size. Column 9 uses the air access measure, which weights the number of flights by the populations of destination metropolitan areas.
The coefficients on airport size generated using these alternative measures are positive and similar in magnitude to those using the number of flights.
The OLS results in Table 3 demonstrate a clear, positive relationship between airport size and both employment and GDP within a metropolitan area. Whether or not air traffic affects employ-ment or GDP, there is a positive correlation between changes in the two variables. To measure the causal effect of air traffic on local employment and GDP, I estimate the system (9) and (10) using two-stage least squares (TSLS) with the instruments detailed above.
The first stage of the estimation establishes the causal relationship between the instruments and the variation in airport size using (9). The results from the first stage are displayed in Table 4 . 12 All columns use the full specification of (9) but apply different sets of instruments. The inclusion of the controls for initial airport size and employment is not crucial as the results are similar whether or not these are included, as demonstrated in Appendix B.
(1) (2) (3) (4) (5) (6) (7) (8) The results in Table 4 demonstrate that the instruments explain a significant amount of the variation in airport size. The 'airline' instrument is positive and the F-statistic indicates that it is comfortably large enough to be considered a relevant instrument for airport size. 13 The 'aircraft 12 The estimates in Table 4 use employment as the independent variable for the local economic outcome. The results using GDP are not shown as they are nearly identical to those in Table 4. 13 Staiger and Stock (1997) established the customary threshold of 10 for the first-stage F-statistic. Stock and Yogo (2005) calculated critical values under the assumption of independent and identically distributed errors. With a maximal size of 15% -meaning that a Wald test of β = β 0 with a 5% confidence level rejects the null no more than 15% of the time -the critical values are 8.96 in the case of one instrument and one endogenous regressor and 12.83 when there are three instruments and one endogenous regressor. With a maximal size of 10% the critical values are 16.38 for one instrument and one endogenous regressor and 22.30 for three instruments and one endogenous regressor. model', 'aircraft class', and 'number of seats' instruments -which all reflect the type of aircraft -have positive coefficients. I suspect the 'aircraft model' instrument is weaker because it is too narrow a classification of aircraft type, which motivates the use of the 'aircraft class' instrument. 14 The 'number of seats' instrument also reflects the type of aircraft and is strongly positive. However, I prefer the 'aircraft class' instrument because the information contained in the engine-type classification makes it somewhat richer. The 'distance' instrument is also positive and meets a reasonable threshold to be deemed relevant.
The analysis continues with the instruments constructed using the 'airline', 'aircraft class', and 'distance' categorizations. These instruments are each clearly relevant and their classifications are conceptually diverse: the first reflects the airline operating the flights, the second reflects the type of aircraft, and the third reflects the way that the air travel network is arranged.
Columns 6, 7, and 8 of Table 4 use pairs of the three selected instruments and column 9 uses all three. For all combinations the F-statistics are reasonably large and the coefficients on the instruments are positive in magnitude and significant. All three of these instruments therefore appear to contribute to the variation in airport sizes explained by the model. Table 5 
Note: 4,026 observations for each regression, representing 183 CBSAs; robust standard errors in parentheses; a , b , c denote significance at 1%, 5%, 10%; all regressions include CBSA and year fixed effects Table 5 : Second-stage estimation of the effects of airport size on employment and GDP.
The TSLS results in Table 5 indicate that airport size has positive effects on employment and GDP. The effects are positive for all instruments and for all measures of airport size. The magnitude of the effects vary with the choice of instrument but are around 0.03 for both employment and GDP when airport size is measured using the number of flights. Output per worker is therefore not affected, as GDP changes by the same proportion as employment, though depending on how capital adjusts there may be an effect on total factor productivity. The coefficients appear to be slightly larger when airport size is measured as the number of seats or the number of departing passengers.
The estimated effect on employment is at the low end of what previous studies have found. Green (2007) found an elasticity of 0.03 for the effect of passengers per capita on employment growth, and Blonigen and Cristea (2015) found an elasticity of between 0.07 and 0.12 for the effect of the number of passengers on employment.
The effects on employment and GDP are smaller when airport size is measured as 'air access' rather than the number of flights. The difference between these measures is that the former weights The TSLS coefficients on the change in airport size are larger in magnitude than the OLS coefficients for all instruments and for both employment and GDP. The results from the Hausman tests show that the differences are generally significant for employment though not for GDP. The TSLS coefficients being larger than the OLS coefficients deserves some explanation as it suggests negatively-biased OLS coefficients, the opposite of what one would expect if employment has a positive effect on airport size. However, this phenomenon is common in studies that use instrumental variables to estimate the effects of transportation infrastructure on economic outcomes. Two possible explanations offered by Duranton and Turner (2012) are that consumption amenities are missing from the estimation and correlate negatively with initial infrastructure, and that there may be reverse causality whereby employment negatively affects infrastructure. The first of these seems 15 Some of the jobs outside of the air travel industry may be located at the airport. This would include retail and restaurant workers, who are not involved in flight operations or handling passengers or baggage. As a result, the ratio of the change in total employment to the change in employment at the airport would be somewhat smaller than 5.5. unlikely here as many amenities such as weather and coastal location are time invariant and thus captured by the CBSA fixed effects. The second is more plausible, as investments in airport infrastructure may be made in response to negative shocks to employment.
The first-stage statistics indicate that all of the instruments satisfy a reasonable threshold for them to be deemed relevant, as demonstrated in the first-stage results in Table 4 . The overidentification tests indicate weak rejection for the effect of the number of seats on employment and no rejection in any other case, which does not represent evidence of the overidentifying restrictions being invalid.
In the remainder of this section I study the effects of airport size on employment in more detail, then run a number of robustness checks. The appendices address further issues with the estimation.
The potential role of ticket prices is explored in Appendix C. To address potential concerns about the use of the current proportions of the categories to construct the instruments, in Appendix D I reproduce the main results using traffic shares from 1991 and from the 1991-2013 total to construct the instruments.
Longer-term effects of changes in airport size
The results presented above use periods of one year for the changes in airport size, the instruments, and employment and GDP. The effects captured in the estimation thus accumulate over a period of no longer than one year. This section estimates how the effects accumulate over longer periods of time. The first part of this analysis includes lagged rates of growth in airport size as explanatory variables; the second reproduces the main results using periods for the growth variables of longer than one year. Table 6 presents the results from OLS estimation with multiple lagged and future rates of airport growth. Column 1 is the main specification from Table 3 . Columns 2 to 5 each add the airport-growth variable for one additional lagged year, with the controls for initial airport size and employment being taken at the beginning of the first period. For comparison, columns 6 to 8 include airport growth variables for future years.
(1) The results in Table 6 indicate that employment growth in the current year is not related to past growth in airport size but is related to future airport growth. The relationship between airport growth and employment over the current year varies little with the inclusion of the lagged or future rates of airport growth. However, while there is no apparent relationship between employment growth in the current year and past airport growth, the coefficients on future rates of airport growth are positive and significant. This could be because changes in local employment lead to increases in airport size that accumulate over several years. Table 7 reproduces the main TSLS estimates of the effect of airport size on employment with multiple lagged and future rates of airport growth. Columns 2 to 5 add additional lagged years and columns 6 to 8 add additional future years of airport growth to the second-stage relationship (10), with the three instruments for the respective year in each case.
(2) (3) (4) (5) (6) (7) The results in Table 7 make clear that changes in employment are driven by changes in airport size over the past year, but not by earlier changes in airport size. The coefficient on airport growth over the last year varies little with the inclusion of lagged rates of growth, while the coefficients on the lagged growth rates are not statistically different from zero. Furthermore, the coefficients on future growth in airport size are not appreciably different from zero, which alleviates potential concerns about reverse causality operating through the instruments being driven by employment. Bartik (1991) recommends selecting the appropriate number of lagged explanatory variables based on minimizing the out-of-sample prediction error. This type of exercise is trivial in the context of the results presented in Table 7 , as the lagged growth rates do not have significant coefficients and thus do not contribute substantially to the variation explained by the model. Table 8 presents the results from the estimation of the system of equations (9) and (10) using periods for each of the growth variables of one to five years. To ensure the independence of the observations, the intervals should not overlap. This means that the sample size decreases dramatically with the period length. However, it is possible to construct multiple samples for periods longer than one year, which is done for periods of two and three years in Table 8 to check for robustness. The OLS estimates are presented in Panel A and the TSLS estimates are presented in Panel B.
(1) The OLS results in Table 8 indicate that changes in airport size are correlated with changes in local employment and GDP for all period lengths. The coefficients are increasing somewhat in magnitude with the length of the period.
The TSLS results in Table 8 do not demonstrate a clear relationship between the length of the period and the size of the effect on employment. The longer lags, having fewer observations, exhibit larger standard errors on the coefficients and lower F-statistics on the first stage. However, the magnitude of the coefficient on the change in airport size is broadly consistent across the range of period lengths. This suggests that a given change in airport size has roughly the same effect on employment over the coming year as over a period of several years.
Taken together, the results with lagged rates of growth in airport size and with longer period lengths imply that the effect of airport size on employment accrues rapidly -mostly within one year. Changes in airport size that occurred more than a year ago do not have a measurable effect on employment growth, while the effect of a change in airport size is no larger if measured several years in the future than if measured at the end of the year. This finding endorses the use of one-year periods in the estimation. It is also somewhat surprising, as one may imagine that the effects of infrastructure take a long time to accrue. A possible explanation is that the type of variation explained by the instruments largely concerns marginal changes in traffic at well-established airports.
Therefore, the effects can accrue largely through the reallocation of local factors, which occurs quickly, whereas a major investment such as a brand new airport could have a sufficiently large effect that it is only fully realized when capital and workers are drawn from other places.
Alternative measures of economic growth
The main results displayed in Table 3 use the number of employees and GDP as the measures of local economic growth. In this section I estimate the effects of airports on a range of other outcome variables, which either directly or indirectly reflect economic growth. Table 9 explores the effects of airports on the changes in seven such variables, each of which appears in log differences as the dependent variable in (10).
The results presented in Table 9 indicate that changes in airport size have positive effects on measures of economic growth besides employment and GDP. Airport size has a positive effect on the number of firms in a metropolitan area, with a magnitude smaller than the effect on the number of employees. This suggests that an increase in the size of the local airport leads to new firms being created and existing firms employing additional workers.
(1) Note: robust standard errors in parentheses; a , b , c denote significance at 1%, 5%, 10%; number of departing flights used as the measure of airport size; all regressions include year and CBSA fixed effects Table 9 : Relationships between airport size and various outcome variables.
The effect on the overall population size is positive. Comparing the magnitudes of the coefficients for employment and population, and considering that a mean of 41% of the individuals in the sample CBSAs are employed, the absolute increase in population following an airport expansion is two thirds as large as the absolute increase in employment. 16 This appears to suggest that most of the new jobs are taken up by migrants to the area. 17 The effect of the airport on aggregate payroll is positive and similar in magnitude to the effects on employment and GDP. It is thus not surprising that the effect on the mean wage, which is measured as payroll divided by employment, is not statistically different from zero. There is a weakly-significant positive effect on personal income per capita, but this may simply be because more local residents are employed.
The effects on house construction and prices are not clear, which may in part be due to the small sample sizes of these variables. The coefficient for the number of new house approvals is positive in magnitude but not significant. The coefficient for the house price index is not significant, though this variable is available for a subset of the metropolitan areas in the sample.
Industry-level employment
To better understand how airports affect local employment, this section estimates the effects on the The mapping between SIC and NAICS codes is detailed in Appendix E. The results from the estimation are presented in Table 10 . As there is a discrete change in how employment is defined between 1997 and 1998, the observations that overlap this period are excluded from the estimation.
(1) The results in Table 10 indicate that the measured effect of airport size on employment is driven by changes in certain industries. There is no measurable effect of airports on employment in manufacturing, wholesale and retail trade, or transportation and utilities. However, there are large positive effects on construction and on services. Given that services employment is roughly seven times as large as construction employment using these broad industry definitions, the bulk of the effect on overall employment appears to be due to increased employment in services.
The effect on services employment is intuitive as this industry often involves personal interactions and is more likely to benefit from better possibilities for air travel. The effect on construction could be related to the infrastructure and housing required by the population increase, even if the effects on housing were not clear in Table 9 , but it could also be due in part to a direct effect of expanding the airport and related infrastructure. Employment in transportation and utilities may be expected to increase when air traffic increases, also through a direct effect, but the coefficient is neither positive in magnitude nor significant. The other industries that are not affected -manufacturing and wholesale and retail trade -have less intuitive connection with air travel. The positive effect on services employment and the lack of an effect on manufacturing employment is also consistent with the findings of Brueckner (2003) and Sheard (2014) .
Proximity to the airport within the metropolitan area
The results presented above indicate that airport size has a positive effect on employment and production in a metropolitan area. In this section I test whether the effects differ within the metropolitan area by proximity to the airport. For policy design it is important to understand how local airports affect employment at the metropolitan-area level. 18 However, as airport improvements may be made with the goal of increasing employment near the airport, it is also useful to understand how the effects differ by neighborhood.
Given the variation in how economic activity is distributed within metropolitan areas and how far airports are located from downtown areas, estimating the effects of airports by location within a metropolitan area is not straightforward. Aggregating neighborhoods within a given distance from the airport would mean including the downtown areas of some CBSAs but not of others, which may be problematic if downtown employment is affected differently. Similar problems arise from including distance from the airport as a factor. Furthermore, it is difficult to treat the downtown areas separately as that would require an objective definition of their borders.
The approach I adopt is to divide up employment in each CBSA into segments centered on the downtown area and defined by the direction relative to the location of the airport. This approach treats downtown, suburban, and outlying areas identically except in their relative proximity to the airport. The first test divides up each CBSA along a single axis at an angle of 90°from the direction of the airport. Thus, neighborhoods a given distance from the downtown are divided into those that are relatively near and far from the airport. The second test divides up the data into three groups, along axes at 60°and 120°from the direction of the airport. Figure 3 illustrates how the segments are defined using the Minneapolis-St. Paul-Bloomington, MN-WI CBSA as an example. To carry out the estimation, the midpoint of each CBSA is defined as the center of the downtown employment cluster of the city specified as the 'core' of the CBSA. 19 It would be problematic to determine the appropriate direction to the airport in CBSAs with multiple commercial airports, so only CBSAs with a single airport in the main sample are used. The Denver-Aurora-Broomfield, CO and Austin-Round Rock-San Marcos, TX CBSAs are also excluded as their main airports changed locations during the period of the data. This leaves 170 CBSAs. As this exercise requires employment data at a low degree of geographical aggregation, the ZIP Code-level information from the County Business Patterns is used. The earliest available year for this dataset is 1994. 20 The results of the estimation are presented in Table 11 . The first column presents the baseline results with the employment data aggregated to the entire CBSA. Columns 2 and 3 split the data into locations within and beyond 90°of the direction from the downtown to the airport. Columns 4
19 Lacking a reliable criterion for identifying the 'central business district' of a metropolitan area directly from data, the CBSA midpoints were chosen by hand. The primary source of information for this exercise was the maps, satellite photos, and street-level photos on Google Maps. For each CBSA, the midpoint was chosen as the center of the densest area of business activity -in most cases the tallest cluster of office buildings -in the 'core' of the CBSA. By definition the 'core' of a CBSA is its largest urban cluster, which is the first place listed in the name of the CBSA. Where a CBSA has more than one urban cluster the largest of these is used, rather than choosing an intermediate location that may well be sparsely populated or in a body of water. 20 The ZIP Code-level employment data in the County Business Patterns are aggregated to the CBSA segments using a two-step process. The first step uses the ZIP Code-level employment data to find the proportion of employment in each county that is located within a given CBSA segment in a given year, from the areas of the ZIP Codes that intersect with the counties and segments. The second step takes the county-level employment data from the County Business Patterns and assigns these to the segments according to the proportions from the first step.
to 6 divide the data into three zones, divided at 60°and 120°from the direction of the airport. The OLS results are presented in Panel A and the TSLS results are presented in Panel B.
(1) (2) (3) (4) (5) (6) Direction relative to airport All 0°-90°90°-180°0°-60°60°-120°120°-180° Note: 170 CBSAs for each regression; robust standard errors in parentheses; a , b , c denote significance at 1%, 5%, 10%; number of departing flights used as the measure of airport size; all regressions include CBSA and year fixed effects Table 11 : Effects of airport size on employment within segments of a metropolitan area defined by the direction to them from the downtown area relative to the direction to the airport.
The results presented in Table 11 exhibit two clear phenomena: changes in airport size (1) correlate positively with employment in all parts of a metropolitan area and (2) primarily affect employment in areas nearer the airport. The OLS coefficients on the change in airport size are positive and significant for each CBSA segment. Moreover, they are not measurably larger for areas nearer the airport. This would be consistent with demand for air travel coming from firms and individuals throughout the CBSA and increases in employment having a positive effect on air travel. The TSLS coefficients on growth in airport size for the areas nearest the airport -between 0°and 90°and between 0°and 60°-are positive and significant, while the coefficients are smaller and not significant for other areas. This would appear to mean that the effects on CBSA-level employment are primarily due to increased employment within areas nearer the airport.
These results support the validity of the instrument. Were the instrument to be capturing some variation in airport size that is correlated with employment but not due to the effect of the airport on employment, then a symptom could be that the measured effect applies over the entire metropolitan area. However, the effects of airports on employment measured using TSLS are concentrated in the parts of the CBSA nearest the airport, even though the OLS results indicate that airport size is correlated with changes in employment throughout the CBSA, which alleviates the concern.
Robustness checks
This section tests the robustness of the main results to a number of alternative sample selections, control variables, and geographical definitions. For brevity, these tests are run for the effects of airports on local employment only, though the results for other outcome variables exhibit similar results. The first set of robustness checks tests the implications of various alternative sample selections. The results are presented in Table 12 .
(1) (2) (3) (4) (5) (6) (7) (8)
MSA Pop. ≤ 1m ≥10,000 pass. The first robustness checks in Table 12 test whether the results are sensitive to the size of the metropolitan area. In column 1 the sample is limited to metropolitan statistical areas (MSAs): the CBSAs with at least 100,000 inhabitants in 2009. Column 2 uses the CBSAs with at most one million inhabitants in 2010. As the coefficients on the change in airport size are similar to the main results in Tables 3 and 5 , the estimates appear not to be driven by large or small CBSAs.
Columns 3 This restriction decreases the sample size by around one third and increases the strength of the instruments but the OLS and TSLS coefficients remain practically unchanged, so the results are robust to the presence of large airports in nearby areas.
With the 'distance' instrument there is a concern about approximate distances being correlated with the region a flight operates in. For example, Los Angeles and San Francisco are similar distances from the East Coast cities and there is a lot of traffic on these routes, so flights to San
Francisco are heavily represented in the instrument for flights to Los Angeles. If California experiences positive growth, then the exclusion restriction could be threatened. Column 7 excludes all flights with an endpoint in the same census division in the calculation of the overall growth rates for the 'distance' instrument. This makes no change to the coefficient on the change in air traffic while in fact the first-stage statistic becomes somewhat larger. 21 The FAA airport categories are Large Hub, Medium Hub, Small Hub, Nonhub Primary, Nonprimary Commercial Service, and Reliever.
The final two robustness checks addressed in Table 12 concern the geographical aggregation of the data. To be defined as a CBSA in 2009, an area must have had a population of at least 10,000 in that year. The concern is that among the metropolitan areas near the threshold earlier in the period, only those with positive growth in recent years are included, which could bias the sample. To address this concern, column 8 reproduces the estimates with the data aggregated to Metropolitan Areas (MAs) using the June 1990 definitions. The coefficient on the growth in airport size is somewhat smaller, but still strongly significant.
A further issue with the CBSA definitions is that they are collections of counties. Counties are much larger in the Western US than in the rest of the country, so CBSAs in California tend to capture more hinterland than CBSAs in the Northeast. Furthermore, nearby urban cores are more likely to be grouped into a single CBSA in the West. To correct for any potential bias this may cause, column 9 applies a neutral geographical definition that is defined as locations within a circle of 50-mile radius around each airport that satisfies the 2,500-passenger minimum, but no nearer to any other such airport. The results using this definition are nearly identical to those obtained with the data aggregated by CBSA.
(1) Table 13 applies a number of alternative sets of fixed effects in the estimation. One concern is that the measured effect of airport size on employment could be partly driven by regional-level changes in employment levels that somehow correlate with the instruments. To address this con-cern, columns 1 through 4 use year-by-census-division and year-by-state fixed effects in place of the year fixed effects in the standard specification. Though the fixed effects absorb some of the variation in the first stage, the coefficient on the change in air traffic is not substantially different when they are included.
To test whether the results are driven by changes that are concentrated in small or large metropolitan areas, columns 5 and 6 of Table 13 
Conclusion
This paper estimates the effects of changes in airport size on employment and other economic outcomes in the metropolitan area served by the airport. This topic is important for policy evaluation, as airport improvements are costly and normally conducted using public funds. Nevertheless, the existing evidence of the economic effects of airports is limited, due largely to the difficulties inherent in measuring the effects. This paper develops and applies a novel technique to measure the effects of airports using variation in overall characteristics of the air travel network.
The main findings are that airport size has positive effects on local employment and GDP, both with elasticities of around 0.03. For each job created in operating the airport by an exogenous increase in air traffic, this corresponds to approximately four and a half local jobs created in other industries. As the effects on employment and GDP are of similar magnitude, output per worker appears not to be affected by airport size. Furthermore, the effect on employment appears to be concentrated in parts of the metropolitan area that are nearer the airport.
To further understand the effects of airports on the local economy, I estimate the effects of airports on the number of firms, the local population, wages, and the employment rate. Airport size is found to have positive effects on the number of firms, population, and the employment rate, but not on wages. The effect of airport size on the population is smaller in magnitude than the effect on the number of employees, while the effect on the employment rate is also positive. The relative magnitudes suggest that some of the jobs created by an airport improvement go to migrants and some represent increased employment for existing residents.
The estimates of the effects on employment by broad industrial sector indicate that airport size has a positive effect on service employment but no measurable effect on manufacturing employment. These results are consistent with the findings of Sheard (2014) that airport size has a positive effect on the share of tradable services but no effect on the share of manufacturing. However, it was not clear from the previous paper whether the overall level of employment was due to an overall increase in employment or simply a reallocation between sectors. The results presented here suggest more clearly that services expand without displacing manufacturing activity. I also find that airport size has a positive effect on employment in construction, but no measurable effect on wholesale and retail trade or on transportation and utilities.
The technique proposed in this paper would be straightforward to apply to further studies of the effects of airports. The technique could also be applied to other types of transportation infrastructure such as roads, railways, and ports, as well as non-transportation infrastructure such as electrical supply and communications networks. Two necessary conditions for the technique to be applicable would be (1) that the type of infrastructure is possible to quantify in terms of the level of traffic it supports and (2) that this traffic is able to be classified into categories that vary in prevalence depending on national factors.
The technique has three main advantages over alternative identification strategies. The first is the relative ease of obtaining the data required to apply it: as opposed to instruments that explain cross-sectional variation in current infrastructure, it does not require geographical or historical data that are often difficult to obtain or quantify. Secondly, to apply the technique it is not necessary to identify a large change in policy, technology, or industrial structure, which do not always present themselves. The third is that, at least in the context of airports, the instruments explain a relatively large amount of the variation in the level of infrastructure when compared with alternative techniques. Another potential advantage of the technique is that it facilitates estimating the short-term effect of changes in infrastructure, whereas techniques that rely on cross-sectional variation are often better-suited to explaining long-term effects.
The numbers of flights and passengers listed in Table 14 are the aggregate amounts of traffic operated by the airline between 1991 and 2013 with an origin or destination within the contiguous United States. The list is presented in descending order of the number of flights operated.
involved is calculated based on the aggregate level of traffic for the combined entity. That is, if airline A acquires airline B and all subsequent traffic is coded for airline A, then the growth rate applied to both airlines for a period overlapping the merger is the traffic coded as airline A at the end of the period divided by the sum of the traffic for airlines A and B at the beginning of the period. The mergers between airlines in the data where the traffic is subsequently coded as a single airline and the growth rates are calculated in this way are listed in Table 15 . Other mergers between airlines in the data -where the traffic is coded separately -are listed in Table 16 . The 'aircraft model' instrument is constructed using the list of aircraft models presented in The 'number of seats' instrument is constructed using the set of ranges presented in Table 19 . The 'distance' instrument is constructed using the set of ranges of distance flown in miles presented in Table 20 . A handful of flight segments in the data are longer than 10,000 miles; these are simply excluded. Table 21 presents the results for the TSLS estimation of (9) and (10) with different selections of fixed effects and controls. Column 1 uses no fixed effects and no controls for the initial number of flights or employment. Columns 2 through 4 add the year and CBSA fixed effects. Columns 5 through 7 add the controls for initial levels of air traffic and employment.
B Alternative TSLS specifications
The results in Table 21 suggest that the inclusion of year and CBSA fixed effects are important for the estimation, but that the initial number of flights and employment controls make little difference. Without the fixed effects the instruments are far stronger, suggesting idiosyncratic differences between years and CBSAs. In particular, not including the year fixed effects leads to far stronger instruments and a larger coefficient in the second stage. This is likely due to changes in the US economy that influence both the instruments and employment changes, which makes the year fixed effects necessary. Not including the CBSA fixed effects also leads to stronger instruments but somewhat smaller coefficients in the second stage. The controls for initial air traffic and employment make little difference to the estimates in either the first or the second stage.
(1) Table 21 : TSLS results with and without the year and CBSA fixed effects and the controls for the initial levels of airport size and employment.
C Ticket prices
Increased traffic at an airport can be related to increased competition and therefore lower ticket prices. If the measured effect of airport size on local employment is actually due to the change in prices rather than increased schedules, then the interpretation would be different. To evaluate to which degree the results reflect the effect of ticket prices, Table 22 Two measures of ticket prices are used: columns 1 to 4 use the mean fare per ticket that originates or terminates at the airport; columns 5 to 8 use the mean fare per mile of those tickets.
The analysis in Table 22 uses the DB1B ticket data from the BTS, which includes information about ticket prices and is available from January 1993. Three smaller CBSAs had no ticket-price information for some years and were therefore excluded, leaving a sample of 180 CBSAs.
(1) (2) (3) (4) (5) (6) a , b , c denote significance at 1%, 5%, 10%; number of departing flights used as the measure of airport size Table 22 : TSLS results with ticket prices used as the dependent variable in the first stage and as the endogenous regressor in the second stage.
The results in Table 22 suggest a weak relationship, if any, between the instruments and ticket prices. The first-stage results indicate that only one of the instruments explains a significant amount of variation in one of the measures of ticket prices. Furthermore, the second-stage coefficient on the change in ticket prices in that case is somewhat negative, indicating that the measured effect of airport size on employment is not capturing an effect of decreased ticket prices. The variation in airport size explained by the instruments therefore appears not to drive significant changes in ticket prices. Though one would normally expect traffic and ticket prices to be related, the lack of a relationship could be an indication that the type of variation explained by the instruments is not related to ticket prices.
D Alternative shares for instrument calculation
A potential concern about the instruments is that the share for each category is calculated at the beginning of each period and these shares may change in some way that correlates with economic growth. To address this concern, Table 23 reproduces the main estimates for the effect of airport size on employment using two alternative sets of category shares in the calculation of the instruments.
The first is the shares at the respective airports in 1991. The second is the shares calculated on aggregate traffic from 1991 to 2013. Naturally, neither of these sets of shares changes over the period of the data for a given airport. Therefore, any systematic relationship between say initial airline shares and employment growth should be captured in the CBSA-level fixed effects.
(1) (2) (3) (4) (5) (6) Table 23 : TSLS results for the effect of the number of flights on employment using 1991 shares and the shares on all years in the calculation of the instruments.
The results in Table 23 are consistent with the main results presented above, indicating that the results are not an artifact of the changes in the shares. Some values of the instruments calculated using the 1991 shares are missing for later years, as in those years the airports hosted only airlines or aircraft types that had not been in operation in 1991.
The F-statistics for the instruments in Table 23 are similar in magnitude to those in the main results, so the instruments remain strong with this type of specification. The coefficients on airport size in the second stage are somewhat smaller in Table 23 than in the main results, which is consistent with airport size affecting employment and these shares generating instruments that explain less of the relevant variation in airport sizes. Nevertheless, the coefficients are significant and positive when using these alternative instruments.
E Industry classification from SIC and NAICS codes Table 24 presents the classification of the employment data from the County Business Patterns into industries according to the SIC and NAICS codes.
